Nociceptor sensory neurons are specialized to detect potentially damaging stimuli, protecting the organism by initiating the sensation of pain and eliciting defensive behaviours. Bacterial infections produce pain by unknown molecular mechanisms, although they are presumed to be secondary to immune activation. Here we demonstrate that bacteria directly activate nociceptors, and that the immune response mediated through TLR2, MyD88, T cells, B cells, and neutrophils and monocytes is not necessary for Staphylococcus aureus-induced pain in mice. Mechanical and thermal hyperalgesia in mice is correlated with live bacterial load rather than tissue swelling or immune activation. Bacteria induce calcium flux and action potentials in nociceptor neurons, in part via bacterial N-formylated peptides and the pore-forming toxin a-haemolysin, through distinct mechanisms. Specific ablation of Nav1.8-lineage neurons, which include nociceptors, abrogated pain during bacterial infection, but concurrently increased local immune infiltration and lymphadenopathy of the draining lymph node. Thus, bacterial pathogens produce pain by directly activating sensory neurons that modulate inflammation, an unsuspected role for the nervous system in host-pathogen interactions.
Pain correlates with bacterial load
To study the nature of pain caused by bacterial pathogens, we established a S. aureus infection model of the mouse hindpaw. Subcutaneous injection of LAC/USA300 (5 3 10 6 colony-forming units (c.f.u.)), a community-associated methicillin-resistant S. aureus strain (CA-MRSA) 8, 9 , resulted in mechanical, heat and cold hypersensitivity within 1 h that lasted for 48-72 h (Fig. 1a ). This hyperalgesia peaked at 6 h after infection, and began to decrease at 24 h.
We quantified the kinetics of tissue swelling, immune activation and bacterial clearance. Tissue swelling did not correlate with pain, but showed an immediate peak after bacterial injection, and a second peak at 48 h after infection (Fig. 1a ). Using flow cytometry, we found increases in myeloid immune cells in infected tissues (CD11b 1 CD45 1 ; Fig. 1b ), constituted primarily of Ly6G 1 neutrophils and Ly6C lo monocytes, with fewer Ly6C hi monocytes ( Supplementary Fig. 1 and Fig. 1b ). This influx began at 6 h, with a peak at 48 h after infection and a reduction at 72 h (Fig. 1b ). Levels of CXCL1 (also called KC) and MCP-1, chemokines that mediate neutrophil/monocyte recruitment, peaked early ( Supplementary Fig. 2 ), whereas levels of TNF-a and IL-1b, pro-inflammatory cytokines which directly sensitize nociceptors 10, 11 , also increased in infected tissue but did not correlate with hyperalgesia ( Fig. 1c ).
We next analysed live bacterial load in infected tissues. S. aureus recovery peaked at 6 h, and then decreased over time, similar to the time course of pain hypersensitivity (Fig. 1d ). This decrease was accompanied by myeloid cell ingestion of bacteria, as detected by flow cytometry ( Supplementary Fig. 1 ). In infected Nav1.8-Cre/TdTomato reporter mice, S. aureus (GFP-USA300) were often found in close proximity to dermal but not epidermal nociceptor fibres ( Fig. 1e and Supplementary Fig. 3 ), indicating potential direct nerve-bacteria interactions. Taken together, hyperalgesia mirrors the time course of bacterial expansion and not tissue swelling or immune activation (see diagram in Supplementary Fig. 4 ).
Host defences not necessary for S. aureus-induced pain
We determined whether key immune response pathways were necessary for S. aureus-induced pain. Innate immune cells recognize S. aureus-derived cell-wall components through TLR2 (ref. 12 ), leading to nuclear factor-kB (NF-kB) activation through adaptor myeloid differentiation factor 88 (MyD88). TLR2 and MyD88 protect mice against S. aureus skin infection 4, 13 . TLR3, TLR4, TLR7 and TLR9 are also functionally expressed in sensory neurons 14, 15 . Thus, we analysed pain responses in Tlr2 2/2 and Myd88 2/2 mice after S. aureus infection. Notably, mechanical and thermal hyperalgesia were not reduced in these mice ( Fig. 2a and Supplementary Fig. 5 ). At 72 h, Myd88 2/2 mice showed elevated pain-like hypersensitivity, which may reflect greater bacterial load due to reduced immune activation and bacterial clearance ( Fig. 2a, b ).
Neutrophils and monocytes are circulating leukocytes critical for innate immunity against S. aureus, rapidly infiltrating sites of infection to limit pathogen survival and spread 4, 16 . We treated mice with GR1 antibody before infection, which eliminated blood-borne and splenic neutrophils and monocytes ( Supplementary Fig. 6 ). Plantar tissue-infiltrating neutrophils and monocytes during S. aureus infection were completely depleted by GR1 ( Supplementary Fig. 7 ; reduction of 97% of all CD45 1 immune cells in infected tissues). However, instead of decreasing hyperalgesia, GR1 depletion significantly increased mechanical and heat hypersensitivity ( Fig. 2c ). This was accompanied by higher bacterial load, reflecting the key role of these myelomonocytic cells in combating S. aureus (Fig. 2d ). We repeated the experiment using injection of heat-killed S. aureus (10 8 c.f.u.), and found that GR1 treatment decreased tissue swelling, but did not affect pain-like hypersensitivity ( Supplementary Fig. 8 ). The increased pain during S. aureus infection after GR1 depletion is probably linked to uncontrolled bacterial expansion ( Fig. 2d ), but may also reflect neutrophil analgesic factors 17 .
To analyse the contribution of the immune system to pain further, we examined S. aureus infection in NOD.Cg-Prkdc scid Il2rg tm1Wjl /SzJ (also called NOD scid gamma) mice, which are deficient in natural killer, T and B cells 18 . Infection-induced mechanical and heat hyperalgesia did not differ between NOD.Cg-Prkdc scid Il2rg tm1Wjl /SzJ and wild-type NOD mice ( Supplementary Fig. 9 ). To control for straindependent differences, we also analysed C57BL/6 congenic Rag1 2/2 mice, which are deficient in mature T and B cells 19 . Pain-like hypersensitivity did not differ after S. aureus infection in C57BL/6 Rag1 2/2 mice compared to C57BL/6 wild-type mice ( Supplementary Fig. 9 ). On the basis of these results, we conclude that adaptive immunity through T and B cells is not required for acute bacterial pain.
Formyl peptides and a-haemolysin activate nociceptors
The strong correlation between pain and bacterial load indicated that nociceptors directly interact with bacteria during pathogen invasion.
To test this, we applied heat-killed bacteria on dorsal root ganglia (DRG) sensory neurons. Heat-killed S. aureus induced a robust calcium flux response in a subset of neurons that also responded to capsaicin, which activates transient receptor potential V1 (TRPV1) ( Fig. 3a ). Heat-killed S. aureus application also induced action-potential firing in capsaicin-responsive DRG neurons ( Fig. 3b ). Extending these results, we found that several other strains of heat-killed bacteria caused calcium flux in DRG neurons ( Fig. 3c , responsive cells: heat-killed S. aureus 5 152 of 1,046; heat-killed Streptococcus pneumoniae 5 82 of 968; heat-killed Listeria monocytogenes 5 67 of 852; heat-killed Mycoplasma fermentans 5 9 of 339; heat-killed Helicobacter pylori 5 85 of 1,365; heat-killed Pseudomonas aeruginosa 5 14 of 269; heatkilled Escherichia coli 5 3 of 233). Nav1.8-Cre/TdTomato reporter mice were used to genetically mark nociceptors 20 and all bacteriaevoked neuronal responses were within the Nav1.8-Cre/TdTomato 1 population ( Supplementary Fig. 10 ). Patterns of nociceptor responsiveness to particular bacteria differed, indicating strain-specific ligands acting through disparate mechanisms ( Supplementary Fig. 11 ). Intraplantar injection of different heat-killed bacterial strains (10 8 c.f.u.) induced acute pain responses similar to the relative efficacies of nociceptor activation in vitro ( Fig. 3d ). Heat-killed S. aureus and heat-killed S. pneumoniae, which caused the most acute pain after injection, also induced mechanical and heat hyperalgesia ( Supplementary Fig. 12 ).
We next investigated which heat-stable molecular elements within bacteria mediate nociceptor activation. Application of S. aureus peptidoglycans and lipoteichoic acid did not produce calcium flux in DRG neurons ( Supplementary Fig. 13 ), and together with in vivo data (Fig. 2 ), this indicates that TLR2 ligands do not contribute significantly to S. aureus pain. We therefore investigated the contribution of other bacterial molecules. N-formylated peptides, found in bacteria and mitochondria, are recognized by G-protein-coupled formyl peptide receptors (FPRs) on leukocytes to mediate immune chemotaxis during infection 21 . Mouse vomeronasal neurons express FPRs, so may detect formyl peptides during olfaction 22, 23 . We found that fMLF, an E. coli-derived peptide, and fMIFL, a S. aureus-derived peptide 24 , induced calcium flux in a subset of DRG neurons that also responded 
ARTICLE RESEARCH
to capsaicin and to allyl isothiocyanate (AITC), a TRPA1 ligand ( Fig. 3e and Supplementary Fig. 14) . Moreover, unformylated MIFL activated fewer DRG neurons than fMIFL ( Fig. 3e ), similar to formyl group requirements for immune cell activation. When injected, fMLF and fMIFL induced mechanical but not heat hyperalgesia ( Fig. 3f ). This selective mechanical pain induction may be related to the restricted activation by formyl peptides of AITC-responsive neurons ( Supplementary Fig. 14) , which are mainly C-mechanosensitive fibres 25 . DRG and trigeminal ganglia express Fpr1 and Fpr2 (also known as Fpr-rs2), but not other Fpr genes ( Supplementary Fig. 15 ). Microarray analysis of purified Nav1.8-Cre/TdTomato 1 nociceptors confirmed the specific expression of Fpr1 but not Fpr-rs1, Fpr-rs3, Fpr-rs4, or Fpr-rs7 ( Supplementary Fig. 16 ). These data indicate that nociceptor activation may be mediated via FPR1, the receptor that recognizes fMLF and fMIFL in immune cells 24 . The FPR1 antagonist Boc-MLF reduced neuron activation by fMLF and heat-killed bacteria ( Supplementary  Fig. 17 ). Fpr1 2/2 mouse DRG neurons showed decreased fMIFL calcium flux, and Fpr1 2/2 mice showed reduced mechanical hyperalgesia after fMIFL injection relative to wild-type mice ( Supplementary Fig. 17 ). Whereas live S. aureus pain peaks at 6 h, time courses may differ for heat-killed bacteria and ligands, which are influenced by ligand diffusion and clearance kinetics. Ruthenium red significantly decreased fMIFL responses in amplitude and proportion, indicating that formyl peptides may gate a downstream large-pore calcium ion channel (Supplementary Fig. 18 ). Heat treatment did not affect fMIFL molecular composition or the ability of fMIFL to induce hyperalgesia after injection ( Supplementary Fig. 19 ). Notably, Fpr1 2/2 mice showed a reduction in mechanical but not heat hypersensitivity after injection of heat-killed S. aureus (Fig. 3g ). Thus, formyl peptides are heat-stable elements within bacteria that contribute to the activation of mechanical hypersensitivity. Live bacteria actively release formyl peptides 26 and secrete a host of virulence factors, including pore-forming toxins (PFTs), to facilitate tissue dissemination 6-8,27-29 . We found that S. aureus culture supernatant induced calcium flux in DRG neurons ( Supplementary Fig. 20 ).
aHL is a PFT secreted by nearly all S. aureus strains, and is involved in tissue damage, bacterial spread and inflammation [27] [28] [29] . When flowed onto DRG neurons, aHL induced immediate calcium flux in nociceptors, which could be washed out by buffer ( Supplementary Fig. 20) . aHL inserts into cell membranes and assembles into heptameric pores that allow non-selective entry of cations 29 , which may be sufficient to depolarize neurons. We found that prolonged bath application of aHL on DRG neurons elicited sustained bursts of calcium flux (Fig. 4a ), selectively in capsaicin-responsive neurons ( Supplementary Fig. 21 ). aHL induced a dose-dependent calcium flux in DRG neurons (halfmaximum effective concentration (EC 50 ) 356 nM, Fig. 4b ). aHL binds to cells via A disintegrin and metalloprotease 10 (ADAM10), leading to membrane pore assembly 27, 30 . ADAM10 expression was detected by PCR with reverse transcription (RT-PCR) in DRG and trigeminal ganglia ( Supplementary Fig. 15 ). Using an antibody that recognizes the ADAM10 ectodomain, we found that a subset of Nav1.8-Cre/ TdTomato 1 nociceptors (59.8%), but not TdTomato 2 cells, expressed surface ADAM10, which may contribute to selective nociceptor activation ( Supplementary Fig. 22 ). In vivo, aHL injection induced significant acute pain behaviour in a dose-dependent manner (EC 50 5 6.3 pmol, Fig. 4c ). Heat pre-treatment abolished the ability of aHL to induce pain ( Fig. 4d ), indicating that this mechanism of nociceptor activation is separate from heat-stable elements (Fig. 3 ). aHL also evoked action 
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potential firing in DRG neurons (Fig. 4e ). aHL neuronal activation did not involve voltage-gated calcium channels or large-pore cation channels (not blocked by CdCl 2 or ruthenium red, and not absent in Trpv1 2/2 neurons) but did require external calcium ( Supplementary  Fig. 23 ). Therefore, aHL nociceptor activation seems to be independent of most endogenous calcium ion channels, and its ability to assemble into membrane-perforating pores may be sufficient for neuronal depolarization. H35L mutant aHL (aHL(H35L)), which cannot form a stable oligomer or pore, did not evoke action potentials (Fig. 4e ) or calcium flux in DRG neurons ( Supplementary Fig. 23 ). aHL(H35L), unlike wild-type aHL, did not produce acute pain in mice (Fig. 4f) . aHL was sufficient to induce mechanical, heat and cold hypersensitivity (Fig. 4g ).
Finally, we found that an isogenic S. aureus mutant devoid of aHL expression caused significantly less hyperalgesia than wild-type bacteria (Fig. 4h ). Therefore, we conclude that aHL contributes to pain during S. aureus infection in a manner dependent on pore formation.
Nociceptor neuropeptides regulate inflammation
Nociceptor activation results in release of neuropeptides from peripheral terminals which can induce vasodilation and neurogenic inflammation 31 . To understand the role of nociceptors in modulating the immune response, we generated Nav1.8-Cre/diphtheria toxin A (DTA) mice to specifically ablate these cells 32 . Nav1.8-Cre/DTA DRG neurons did not show calcium flux upon stimulation with heat-killed bacteria (Fig. 5a ). Mechanical and thermal hypersensitivity after S. aureus infection was abolished in Nav1.8-Cre/DTA mice, indicating that Nav1.8-lineage neurons are the major cell type mediating bacterial pain (Fig. 5b ). Granulocytes were found 24 h after infection near Nav1.8-Cre/TdTomato 1 nerve fibres ( Supplementary Fig. 24 ), and when co-cultured, DRG neurons also formed close contacts with neutrophils and macrophages ( Supplementary Fig. 25 ), raising the question of whether nociceptors may act on immune cells. After infection, Nav1.8-Cre/DTA mice displayed significantly increased tissue swelling relative to control littermates (Fig. 5c ). Bacterial load did not differ significantly between the mice ( Supplementary Fig. 26 ). Nav1.8-Cre/DTA mice showed increased infiltration of neutrophils/ monocytes at infection sites (Fig. 5d ). The popliteal lymph node which drains the footpad 33 was significantly larger, by weight and cellularity, in Nav1.8-Cre/DTA mice relative to control littermates following S. aureus infection ( Fig. 5e and Supplementary Fig. 27 ). There was a difference in baseline lymph node size, but the increase was substantially greater in Nav1.8-Cre/DTA than control mice after infection. Nav1.8-Cre/DTA tissues also showed increased levels of 
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TNF-a ( Supplementary Fig. 28 ), a cytokine that drives lymphadenopathy (hypertrophy) of the draining lymph node during bacterial infection 34 . This lymphadenopathy was localized, as downstream inguinal lymph nodes and spleens were not enlarged in infected Nav1.8-Cre/DTA mice ( Supplementary Fig. 27 ). The popliteal lymphadenopathy was due to increased T cells, B cells and monocytes (Fig. 5e ). Thus, nociceptor ablation led to increased local inflammation. To determine the molecular factors that mediate this immunomodulation, we performed microarray analysis of flow-cytometry-purified Nav1.8-Cre/ TdTomato 1 nociceptors from dorsal root, trigeminal and nodose ganglia (Fig. 6a ). Neuropeptide expression levels were ranked based on a neuropeptide database (http://www.neuropeptides.nl; Fig. 6b , full data set in Supplementary Fig. 29 ). Microarray data from innate immune cell subsets 35 were analysed for neuropeptide receptor levels. CGRP, galanin and somatostatin receptors showed the highest expression in neutrophils, monocytes and macrophages; these neuropeptides were also highly expressed in purified nociceptors (Fig. 6b , full data set in Supplementary Fig. 30 ). In vitro, we found that CGRP, galanin and somatostatin all suppressed TNF-a release from macrophages stimulated with heat-killed S. aureus or lipoteichoic acid (Fig. 6c , complete analysis in Supplementary Fig. 31 ). Furthermore, S. aureus supernatant and aHL induced CGRP release from DRG neurons in a dose-dependent manner (Fig. 6d ). CGRP injection during S. aureus infection did not alter inflammation at the infection site, but significantly suppressed lymphadenopathy of the draining lymph nodes ( Fig. 6e and Supplementary Fig. 32 ). Therefore, upon infection, nociceptors may release neuropeptides that directly modulate innate immune activation.
Discussion
We analysed mechanisms responsible for nociceptor activation during S. aureus infection, which commonly causes pain. We found that bacterial-derived factors directly activate nociceptors and contribute to hyperalgesia in vivo. N-formylated peptides and the PFT aHL induced direct neuronal responses through distinct mechanisms: formyl peptides through FPR1 and aHL through pore assembly leading to ionic influx (diagram, Supplementary Fig. 33 ). Direct activation of nociceptors by bacteria is probably a major mechanism leading to pain, especially early in S. aureus infection during active pathogen expansion (Figs 1, 3 and 4 ). After immune cell infiltration, bacteria are largely eliminated, concurrent with TNF-a production, and although pain is reduced it remains (Fig. 1) . Immune-mediated mechanisms may have a role during these later time points. Live infection is complex and our blockade of host defences may also enhance direct pathogen-mediated mechanisms.
Pathogen virulence and immunogenicity probably contribute to the degree of direct nociceptor activation. USA300/LAC is a highly virulent strain, expressing several PFTs in addition to aHL including b-haemolysin, c-haemolysin, Panton-Valentine leukocidin and phenol soluble modulins [7] [8] [9] . S. aureus also possesses effective immune evasion mechanisms, including toxins that lyse immune cells, staphylococcal protein A which impairs antibody function, and complement evasion strategies 8, 36 . Thus, additional elements from the bacterial proteome may exist that activate nociceptors. E. coli and other Gram-negative bacteria also induce painful infections, and lipopolysaccharides have been found to sensitize TRPV1 (ref. 15 ). The balance of nociceptor activation by pathogenic and immune mechanisms may differ between dissimilar pathogenic bacteria species.
Although peripheral nociceptor activation contributes to neurogenic inflammation, inducing vasodilation and capillary permeability 31 , we found that ablation led to increased immune influx and lymphadenopathy, implying pain-mediated immune suppression. Our data support a role for neuropeptides in regulating innate immune activation that occurs later than the acute vascular phase of inflammation. Receptors for CGRP, galanin and somatostatin are expressed by myeloid immune subsets, and these neuropeptides have been shown to have inhibitory functions on immunity [37] [38] [39] . In particular, CGRP dampens TNF-a transcription in dendritic cells through a cAMP-dependent repressor mechanism 37, 40 . CGRP downregulates cytokine levels in endotoxic shock 41 , and conversely, Trpv1 2/2 mice display increased inflammation during sepsis 42 .
Potent immunomodulatory neural reflex circuits also exist that maintain immune homeostasis 43 . In Caenorhabditis elegans, a sensory neural circuit suppresses innate immunity and modulates survival during bacterial infection 44 . In mammals, vagal efferents suppress splenic macrophage activity, protecting against bacterial endotoxic shock 43, 45 , and activation of liver autonomic fibres modulates NK T-cell activity, leading to increased bacterial infection 34 . It has been proposed that sensory neurons initiate mammalian neural circuits 43 , but a direct immunosuppressive role of nociceptive fibres, as revealed here, was not suspected. Lymph-node swelling during infection is often accompanied by pain, and nociceptor activation may limit immune influx into lymph nodes. Both nociceptive and autonomic fibres innervate lymph nodes 46 ; therefore, lymph-node suppression may act through local neuropeptide release or initiation of autonomic reflex circuits. Highly pathogenic bacterial strains may have evolved the ability to exploit these neural-mediated immune regulation pathways for virulence and spread within infected tissues, by producing more nociceptor activation and greater immunosuppression.
Our data reveal an unsuspected mechanism for pain induction during bacterial infection: a direct pathogen-mediated activation of nociceptors. This neuron-pathogen interaction leads to a downregulation of the local inflammatory response. The nervous system therefore has direct sensory and modulatory roles in host-pathogen interactions during acute staphylococcal infection. For electrophysiology, significance was calculated using the Mann-Whitney U-test. Statistical comparisons of acute nocifensive behaviour (total time licking/ biting in 20 min), tissue bacterial load, tissue swelling measurements, immune cell influx, neuronal responses by calcium imaging, CGRP and TNF-a levels were by unpaired, student's t-test. In acute pain analysis, saline-injected mice were compared to treatment groups. In CGRP and TNF analysis, buffer-treated cells were controls for comparisons. In calcium imaging, the proportion of neuronal responses from at least three fields was quantified. Data were plotted using Prism (Graphpad). Behavioural analysis. All animals were acclimatized to the behavioural testing apparatus used on at least three habituation sessions. At least two baseline measures were obtained for each behavioural test before testing. To measure mechanical sensitivity, animals were placed on an elevated wire grid and the lateral plantar surface of the hindpaw stimulated with von Frey monofilaments (0.007-8 g). The withdrawal threshold was determined as the filament at which the animal withdrew its paw at least five in ten applications. To measure cold sensitivity, animals were placed on an elevated wire grid and a drop of acetone was applied to the plantar hindpaw by syringe. The duration of time that the animal elevated or licked the paw over a 90-s period immediately after acetone application was measured. To measure heat sensitivity, mice were plated on the glass plate of a Hargreave's apparatus set at 29 uC (IITC Life Science), and a radiant heat source applied to the plantar hindpaw. Latency to hindpaw flicking/licking was recorded (maximum of 30 s). Acute nocifensive behaviour was scored by observation of mice under a glass beaker after intraplantar injection. Time spent lifting/flinching/licking the hindpaw was recorded in 5-min intervals. Acute nocifensive behaviour was quantified as the total licking/lifting in the first 20 min after injection. In infection and compound injection experiments, observers were blinded to mouse genotype/strain. When different substances were compared within experiments, animals were randomized so similar group mean baseline thresholds were present. Bacterial strains. S. aureus CA-MRSA strains LAC/USA300 and LAC/300 deficient in aHL were generated as described previously 6, 27 . Strains were grown in tryptic soy broth (TSB) and tryptic soy agar (TSA) (BD Biosciences). GFP-LAC/ USA300 strain AH1726 was generated by transforming GFP-expressing, chloramphenicol-resistant plasmid pCM29 49 into LAC. Plasmid DNA was electroporated into S. aureus as previously described 50 . The resulting strain produces GFP in a constitutive manner from the sarA P1 promoter, and maintained in TSB or TSA supplemented with 10 mg ml 21 chloramphenicol. S. aureus infection model and tissue measurements. S. aureus strains were grown overnight in TSB to log phase, pelleted, and re-suspended in 0.9% saline at different dilutions. OD 650 was measured to estimate bacterial density, with confirmation by TSA plating. For infection, 20 ml of bacteria (5 3 10 6 c.f.u.) in 0.9% saline was injected subcutaneously into the hindpaw plantar surface using a 25 ml syringe fitted with a 26-gauge needle (Hamilton Co). Mice were monitored closely after injection, and assayed for pain behaviour at different intervals. For neutrophil/monocyte depletion, mice were injected intraperitoneally (i.p.) with GR1 antibody (clone RB6-8C5, Bio-XCell) at a dose of 400 mg per 200 ml PBS, 24 h and 1 h before bacterial injections. Control rat IgG (Jackson Immunoresearch) was injected at the same dosage. For neuropeptide experiments, CGRP, galanin and somatostatin (Tocris, doses of 1 pmol per 200 ml saline) were injected i.p. into mice at 24 h and 4 h before infection, and 4 h and 20 h after infection. As controls, saline was injected at the same time points. For tissue swelling analysis, a digital micrometer (Mitutoyo) was used to measure thickness of the plantar area before and at defined time points after infection. Thickness increase was calculated as differences from baseline measurements (or as % increase normalized to baseline). For bacterial load determination, total paw tissue from epidermis to the tendons was dissected onto ice and weighed, dissociated by dounce homogenizer (Wheaton) in 1 ml PBS, serial dilutions made, plated on TSA plates, and bacterial recovery determined by counting colonies after overnight incubation (normalized by dissected tissue weight). GFP-LAC strain was grown on TSA plates with
